%e present theoretical and experimental results on quasistatic-electric-and optical-field-induced birefringence as well as quasistatic-electric-field-enhanced optical diffraction effects in a nematicliquid-crystal film. For an inclined-incident pump beam, the enhancement of the diffraction effect and birefringence values due to the quasistatic electric field does not saturate at high quasistatic electric field strength. Instead, it decreases from the maximum, through zero (i.e. , no effect), to a region of negative coupling between the fields. Locally this novel zero-crossing phenomenon occurs at a quasistatic electric field strength for which the nematic director has been reoriented by the electric field to align with the polarization direction of the optical field. The zero-crossing effect manifested by the sample as a whole is the net result of the field-coupling effect on the local director along the beam path, which locally could be positive, zero, or negative. This novel effect is also independent of the pump-laser intensity. Our experimental results are in quantitative agreement with theoretical predictions.
I. INTRODUCTION
Because of its large molecular anisotropy and strong correlation among the molecules, it is well known that the director, i.e. , the average molecular orientation of the liquid crystalline material, can be easily reoriented by a static electric and magnetic field, ' and the birefringence of the sample would change accordingly. This is referred to as the Freedericksz transition.
Electrically controlled birefringence (ECB) has since been used for light valves and other applications.
The optical-field-induced Freedericksz transition and associated nonlinear optical effects in a nematic-liquid-crystal (NLO film such as self-focusing, 6 degenerate wave mixing, 9 and optical bistability ' ' have also been extensively studied recently.
In particular, interesting nonlinear-optical propagation effects, e.g. , far-field diffraction rings, ' ' have been ob- served. This phenomenon has been described as the spatial analog of the well-known self-phase modulation of light as the laser be un traverses the sample. The diffraction effect is shown to be further enhanced by biasing with a quasistatic electric field on the sample. ' lt was also recently shown theoretically that intrinsic optical bistability in a homeotropically aligned NLC cell can be enhanced or suppressed by a low external field. ' In a previous letter we have shown that quasistatic-electric- Based on a continuum model of the liquid crystal, previous workers ' have derived theory for many nonlinearoptical processes in a NLC film. We have in general followed these derivations, except that the effect of a quasistatic electric field has been taken into account. For simplicity, a homeotropically aligned NLC film of thickness d is considered. Its unperturbed director no is along the z axis. This is illustrated in Fig. 1 (2) In Eq. (2) (8) 5e (8) (Fig. 3) . To compare with theory, we numerically solved Eq. (4) and substituted into Eq. (13). This is drawn as the solid curve in Fig. 4 , which fits the experimentally measured birefringence quite well.
In Fig. 5 Fig. 8 . It can be seen that 55 reaches a maximum value at 3.9 0.2 V, just above the Freedericksz critical field. This corresponds to the point where d8/dV"or d5/dV" is a maximum. With further increases in V", the gradients decrease. The phase difference b, 5, however, does not approach a saturated value as expected. In fact, the b,5 vs V~curve goes through zero and then becomes negative for V larger than 5 V. We also note that the field strength for which zero crossing occurs is independent of the pump-laser intensity. ing the local picture of a director under the action of the applied fields. The geometry has been shown in Fig. 1 
